4

Introduction 51
In an era of global environmental change the maintenance of ecosystem functions and 52 the provision of ecosystem services are being compromised (Millennium Ecosystem 53 Assessment, 2005) . This is especially true for forest ecosystems in the Mediterranean 54 basin, which have sustained human populations for millennia (Blondel and Aronson, 55 1999). In particular, increased aridity with climate change and widespread forest 56 expansion due to socioeconomic changes during the last century have resulted in more 57 recurrent and severe wildfires (Pausas and Fernández-Muñoz, 2012 ) and drought-58 fire behaviour (Regos et al., 2016) , while the conservation of key areas within 182 landscapes might increase not only the spatial heterogeneity but also the potential for 183 adaptation through the conservation of genetic sources, favouring ecological 184 connectivity and dispersal processes (Lindenmayer et al., 2012) . 185
(iii) Objectives for adaptation 187
As a main goal, management strategies seek to elicit forest responses to attain specific 188 objectives for adaptation. In terms of forest adaptation to global change, we consider 189 three main objectives for adaptation: decrease disturbance risk, increase resistance 190 against disturbances and fostering recovery after disturbance. We searched for articles containing the topic words 'forest* AND Mediterranean' in the 210 abstract, plus multiple different combinations of topic words related to the management 211 strategies studied (see Appendix A). To be included in the final database studies had to: 212 1) be published in SCI journals, 2) be carried out in the Mediterranean basin, and 3) test 213 the effects of at least one management strategy, including experimental as well as 214 modelling approaches. The final list of 90 articles (see Appendix B for the list of 215 included articles) was broken down into records (termed case studies, N = 239) 216 according to the four components of our theoretical framework (Figure 1 ). Case studies 217
were defined as unique combinations of study, disturbance, management strategy, 218 11 objective for adaptation, and type of effect being assessed (direct vs. indirect). The latter 219 indicated whether the case studies examined the direct effect of the management 220 strategy on a given objective for adaptation, or the indirect effect on other ecosystem 221 components, giving rise to potential trade-offs. Additionally, we also recorded the 222 following information for each case study: a) when the strategy was intended to be 223 implemented (pre or post disturbance); b) the different experimental cases assessed, 224 such as contrasted environmental conditions, sites or species; and c) the approach used 225 (i.e. experimental or model). Finally, the effects of management strategies on the forest 226 responses assessed in each case study were recorded as positive (if the effect favoured 227 the targeted adaptation objective or was considered beneficial for biodiversity or 228 ecosystem functioning), negative (if the opposite happened) or neutral (if the effects 229
were not significant or unclear). 230
231
A more detailed analysis of benefits and associated trade-offs was conducted focusing 232 on the two most widely assessed strategies, i.e. reduction of stand density and 233 management of the understory, and the two most common disturbances, i.e. drought and 234 fire (see Results section). The conditional classification tree approach (Hothorn et al., 235 2006) was used as an heuristic tool to identify which components of the framework 236 were more likely associated to the outcomes of forest responses, using the function 237 "ctree" from the R package "Party" (Hothorn et al., 2006 The scientific output on forest management for adaptation in the Mediterranean basin 244 increased steadily during the last 15 years, from only 1 paper published by 2000 to a 245 total of 90 papers until 2015 (Fig. 2) . All case studies were located in the northern rim 246 of the Mediterranean basin and 90% of them in the western part of the region. Most of 247 the case studies addressed management strategies to cope with fire and drought impacts, 248 while only three case studies addressed strategies to face pests or windstorms (Fig. 3a) . 249
In the case of fire, 44% of case studies focused on post-disturbance management 250 strategies (Fig. 3a) . the understory; whereas 9% tested for strategies at the landscape scale and only 3% 269 addressed strategies that may enhance forest adaptation in the long-term, i.e. promoting 270 mixed forests and changing species or genetic composition (Fig. 3b) . Almost half of the 271 case studies (46%) addressed management strategies aiming at risk reduction, while 272 35% and 19% focused on benefits for resistance and recovery, respectively (Fig. 3c) . 273 274 More than half of the case studies (56%) quantified the direct effects of a management 275 strategy for a specific adaptation objective, while the remaining 44% quantified indirect 276 effects of the management strategy on untargeted forest responses, providing evidence 277 of potential trade-offs. Indirect effects were assessed more frequently in studies 278 focusing on risk reduction (Fig. 4) . Of all suggested indirect effects, 33% concerned 279 untargeted objectives for adaptation and 67% other ecosystem components. Overall, 280 14 negative effects were much more frequent when assessing indirect effects (51 out of 105 281 case studies) than when assessing direct effects on the targeted adaptation objective (4 282 out of 134 case studies) (Fig. 4) . We did not have enough empirical evidence to draw 283 conclusions about the efficacy of management strategies at the landscape-scale or that 284 might provide long-term benefits for adaptation. In the case of management at the 285 landscape scale, 71% of responses were positive, while negative and neutral responses 286 represented 10% and 19%, respectively. In general, these case studies used modelling 287 approaches to evaluate short-or mid-term effects of fire risk reduction. Only 7 study 288 cases tested for the promotion of mixed forests or for changes in species or genetic 289 composition by using a modelling approach, and the outcomes of the responses were 290 positive (4 case studies) or neutral (3 case studies). The predictive power of the resulting tree classification models was higher for reduction 298 of stand density than for management of the understory (see Fig. 5 for details). The 299 outcomes of forest responses to reductions of stand density and management of the 300 15 understory were conditional to the assessment of direct vs. indirect effects (Fig. 5) . 301
When direct effects on the objectives for adaptation were assessed, the probability of 302 observing a positive response (favouring the corresponding objective) was higher. On 303 the contrary, when indirect effects were assessed the probability of observing a negative 304 or neutral response was higher, suggesting trade-offs between targeted objectives for 305 adaptation and other ecosystem components. In the model for reduction of stand 306 density, the probability of observing a negative result when indirect effects were 307 assessed was higher when the targeted objectives of the management action were 308 promoting resistance and reducing risk, while neutral results were more likely when the 309 targeted objective was recovery (Fig. 5a) . Alonso, R., Andreu, J., Angulo, E., Avila, A., Banqué, M., Bermejo, V., Bernal, S., 470 Bonet, J., Brotons, L., Calvete, H., Cano, F., Carrillo-Gavilán, A., Castro, J., Caut, 471 S., Cerdá, X., de las Heras, J., Díaz-de-Quijano, M., Díaz, M., Doblas-Miranda, E., 472 Elvira, S., Espelta, J., Estiarte, M., Gallart, F., García, H., González, I., González-473 Moreno, P., Gracia, C., Gracia, M., Hódar, J., Kowalski, A., Llorens, P., Lloret, F., 474
López-Serrano, F., Lupon, A., Manzano, A., Marañón, T., Martínez-Vilalta, J., 475
Moya, D., Ordóñez, J., Peñuelas, J., Poyatos, R., Puerta-Piñero, C., Rábago, I., 476
Retana, J., Rodrigo, A., Roura-Pascual, N., Sabaté, S., Sabater, F., Sanz, J., Brotons, L., Castro, J., Curiel Yuste, J., Díaz, M., Ferrandis, P., García-Hurtado, 588 E., Iriondo, J.M., Keenan, T.F., Latron, J., Llusià, J., Loepfe, L., Mayol, M., Moré, 589 G., Moya, D., Peñuelas, J., Pons, X., Poyatos, R., Sardans, J., Sus, O., Vallejo, 590 V.R., Vayreda, J., Retana, J., 2015. Reassessing global change research priorities 591
